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ABSTRACT
UTILIZATION AND STANDARDIZATION OF BEVERAGE BASED CONTAINERS
Michael Bobke, Jack Maughan, Kenia Vargas

The purpose of this document is to formally describe and explain all of the decisions associated
with the data collection and analysis for this Cal Poly Senior Project. Throughout the project, we
will utilize and hone the skills that each team member has developed during our time in Cal
Poly's Engineering program. In addition, this document will briefly describe some of Blue
Diamond’s history as one of the biggest almond companies in the world. The statement of work
will introduce and describe the current status of the beverage base container process and
international beverage container design. Next it will discuss the problem statement and what the
project’s expected scope and objectives will be. Finally, the literature review outlines the
research and ends with the possible solution designs for the project.

To obtain the best results in this project, we will analyze, observe, and come to a
recommendation for a better processing system for the beverage base containers. We will also be
just as scrupulous when recommending a new container for international shipping and
standardization. Through observation, design, and experiments we will produce standards to
measure our success. This project will take place during the Fall Quarter of 2019 and the Winter
Quarter of 2020.

2

ACKNOWLEDGMENTS
Thank you to the following people who guided and collaborated with the research of this project:
● Mr. David Austin, Blue Diamond Growers Project Manager
● Mr. Kenny Levy, Blue Diamond Growers Team Lead
● Mr. Bee Lee, Blue Diamond Growers Team Lead
● Mr. Alex Williams, Blue Diamond Growers Team Lead
● Mr. Alexander Lin, Blue Diamond Growers Research and Development for International
Clients
● Ms. Karen Bangs, Cal Poly San Luis Obispo Instructor
● Dr. Tali Freed, Cal Poly San Luis Obispo Instructor

3

TABLE OF CONTENTS
Page
LIST OF TABLES…………………………………….…………………………….……........5
LIST OF FIGURES…………………………………….…………………………………...... 6
I.

Introduction and Background………………….…………………………………....... 8

II.

Problem Description………………….…………………………………..................... 11

III.

Literature Review………………….…………………………………......................... 16

IV.

Solution Design………………….…………………………………............................ 23

REFERENCES………………….…………………………………......................................... 42

APPENDICES:
A. Project Management Analysis………...………….…………………………………...... 44
B. Client Communication Analysis………………….…………………………………….. 46
C. Teamwork Evaluation………………….…………………………………...................... 47

4

LIST OF TABLES
Table

Page

1. Various Container Statistics and
Images…………………………………………..……..10
2. Current State Yearly Average Economic Analysis………………………………....……12
3. Current State Present Value on Infinite Timeline………………………………..…....…13
4. Current State Present Value on a 50 Year
Timeline……………………………………...14
5. Current State Present Value on a 10 Year
Timeline……………………………………...14
6. Variables for Equation 20………………………………………………………..………19
7. Optimal Cleaning Parameters……………………………………………………………21
8. Thermo-Physical Properties Site………………………………………………………....22
9. Other Properties Site……………………………………………………………………..22
10. Present Value of Manual Washing System……………………………………………....24
11. Average Tote Cleaning Capacity, Single PRI System…………………………....……...26
12. Automated Solution Economic Analysis………………………………………………..27
13. Average Tote Use Per Month and Day…………………………………………………..28
14. Automatic Solution Present Value on Infinite Timeline…………………………….…...28
15. Automatic Solution Present Value on 50 Year Timeline…………………………….…..29
16. Automatic Solution Present Value on 10 Year Timeline…………………………….….30
17. PRI System Net Average Cost Goal Seek……………………………………………….34

5

18. Cost Per Gallon of Container…………………………………………………………….39
19. Container Cost of shipping 40,000(lb)…………………………….…………………….40

LIST OF FIGURES
Figure

Page

1. Life Cycle from Raw Almond to Almond Butter...………………………...…………....10
2. Current State Economic Analysis of Net Cost vs. Number of Totes...………………......12
3. Current State Present Value on Infinite Timeline………………………………………..13
4. Current State Present Value on a 50 Year
Timeline……………………………………...14
5. Current State Present Value on a 10 Year
Timeline……………………………………...14
6. AaquaBlaster LT…………………………………………………………………………17
7. Equation 20……………………………………………………………………...……….18
8. Equation 2………………………………………………………………………………..18
9. Tote Cleaning System……………………………………………………………………19
10. Particulate Product Handling…………………………………………………………….20
11. Process Flow Diagram for Manual Wash Cycle…………………..…………………......24
12. Process Flow Diagram for Automated Wash Cycle…………………..……..………......25
13. RotaJet IBC Reconditioning System..…………………………………………………...26
14. Automatic Solution Present Value on Infinite Timeline…………………………………29
15. Automatic Solution Present Value on 50 Year Timeline………………………………...30

6

16. Automatic Solution Present Value on 10 Year Timeline………………………………...31
17. PRI System Vs Current State Present Value Over 1
Year………………………………..32
18. PRI System Vs Current State Present Value Over 10
Year………………………………32
19. Present Worth Adjusted Over Variable Interest
Rates...…………………………………33
20. Simulation Model………………………………………………………………………..35
21. Floor Plan #1……………………………………………………………………………..35
22. Floor Plan #2……………………………………………………………………………..37
23. Cost Per Gallon of Container…………………………………………………………….40
24. Container Cost of shipping 40,000(lb)…………………………………………………..41

7

1. Introduction and Background
This project addresses a need for a more financially and environmentally sustainable process that
also has elements of standardization for Blue Diamond’s buttermill line of beverage base
containers. This introduction will explain the history of the company, who is involved with this
project, how and why the current processes exist, and methods of data collection.

Blue Diamond was founded in 1910 by 230 different almond producers who were looking to
build strong customer relationships. Since that time, Blue Diamond has grown to over 3,000
almond growers, which are more than half of all growers in California. This single company
supplies 80% of the world's almonds. They currently ship to more than 80 countries and produce
a wide variety of almond products: almond tins, snack sized and family sized almond bags, and
Almond Breeze butter . In recent years, they have had to expand their product and production
lines in order to meet demands for various new products. Blue Diamond has three current
facilities located in California. Blue Diamond’s original facility is located in Sacramento on an
88-acre lot. However, they needed to add a plant in Turlock which is a highly sophisticated and
automated facility to help Blue Diamond meet global almond demand. Since then, they have
added the first-ever almond research facility. This research facility is used to develop flavors,
milk, crackers, and new ingredients used by food producers.

This project involves three Cal Poly Industrial and Manufacturing Engineering (IME) students:
Michael Bobke (IE), Jack Maughan (MFG), and Kenia Vargas (IE). However, this project also
involves the stakeholders: Blue Diamond sponsor team, Blue Diamond employees and their
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customers, Cal Poly senior project advisors, and the Cal Poly IME department. The project
consists of two separate parts. The first part is to find or develop a new way to clean and process
a beverage base tote. This includes determining optimal cycle times, sanitation levels and steps,
footprint design, and cleaning chemicals. The second part will be to determine the optimal
container size and design for Blue Diamond’s international customers, which will also be used
for domestic customers alongside the tote containers. Overall, the objectives of this project are to
identify the reusability of the beverage base totes and an ideal container accepted by the
international and domestic clients.

Currently, the process for the 1,700-pound beverage base containers is as follows: they arrive at
Blue Diamond’s facility and are stored in the container section. While the almonds are
pasteurized, deskinned, and inspected to a specific quality. They are then grounded into butter
using a series of processes. The butter is then poured into a virgin tote. This tote is taken from a
stockpile of new totes and is moved by forklift over to the butter mill. After the tote is filled to
the desired weight, it is ready to be shipped out. The tote is then loaded onto a truck and sent to
an outside vendor to be processed. Once the tote is empty, it is considered contaminated and sent
to the company that produced the tote to be recycled. This concludes the process of the
1,700-pound beverage base container and is repeated with each virgin tote.
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Figure 1 Life Cycle from Raw Almond to Almond Butter

Alongside the 1,7000-pound tote, Blue Diamond uses two other containers for their beverage
base product, a 331-pound drum and a 45-pound bucket. The international customers will only
accept the 45-pound buckets and Blue Diamond would like to consolidate the buckets and drums
into one container that satisfies both the international and domestic customers’ needs. Currently,
the 331-pound drum is in use because it satisfies orders that do not land on a weight divisible by
1,700-pounds for domestic customers. If a company wanted 2,600 pounds of product, the
331-pound drum is used to meet this order without sending a partially filled 1,700-pound tote.

Table 1 Various Container Statistics and Images
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To solve these problems the team will use a variety of data collected internally with respect to
the life cycle and usage rates of totes. The team will do research on how other companies have
cleaned similar items. There will be material and chemical research. In addition, the team will
use all the techniques learned in the IME department, such as industrial costs and controls,
engineering economics, simulation, and facilities planning and design, to uncover the most
efficient solution.
2. Problem Description
Beverage Base Totes
Blue Diamond currently uses large plastic totes during the processing of its Almond Breeze
product. They have identified this as a part of the process that produces significant waste due to
the current single-use nature of these totes. Each tote costs roughly $165 and Blue Diamond can
recover $15 after they recycle the totes. Over a year they average around 15,000 totes. This
results in a yearly cost of around $2.25 million. Blue Diamond would like to significantly
decrease this yearly cost. As of right now there are seven third party processing plants that
receive the Almond Breeze totes. The totes ship single stacked in the back of a semi truck 26
totes to a truck. They do not double stack totes when they are full, however, once totes are empty
they will be double stacked on a semi truck, 52 per semi truck, and shipped back to the producer
of the tote. They will not send a semi truck before it has a full load of totes whether they are full
or empty.
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Cost of
Tote

Avg. Number of
Totes/Year

$165.00

15000

Tote
Reclaim
Value

Gross Avg.
Costs/Year

Avg.
Recycling
Return

Net Average
Cost/Year

$15.00
$2,475,000.00 $225,000.00 $2,250,000.00
Table 2 Current State Yearly Average Economic Analysis

This cost is high because Blue Diamond has no way to wash these totes to the required standards
of their customers. This means that Blue Diamond must buy virgin totes, which meet the
required standards of their customers, that will only be used once for all their shipments. The
number of totes and costs to Blue Diamond can be modeled by the function (Y = 150*X).
(X) is the number of totes purchased per year
(Y) is the net cost to the company in Dollars.

Figure 2 Current State Economic Analysis of Net Cost vs. Number of Totes

12

At the current state Blue Diamond is paying $2.25 million per year, the present worth that Blue
Diamond will spend over the life of their company comes out to be around $39.8 million. This is
using an interest rate of 5.65 % which is the average federal interest rate from 1971 to 2019 as
reported by Trading Economics. This means that if Blue Diamond were to continually pay $2.25
million a year it would be the same as paying $39.8 million at year zero.

Net Average Cost/Year
(A)

Number of years (n)

-$2,250,000.00

Ave. Interest Rates
(i)

Present Worth (P)

Infinite
5.65%
-$39,823,008.85
Table 3 Current State Present Value on Infinite Timeline

Figure 3 Current State Present Value on Infinite Timeline

Using all the same numbers surrounding the calculation such as paying $2.25 million per year
and using an average interest rate of 5.65 % but adjusting the number of years we calculate
present worth over 50 years and 10 years the present worth is adjusted to $37,272,311.00 and
$16,838,297.00 respectively.
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Net Average Cost/Year (A) Number of years (n) Ave. Interest Rates (i)
-$2,250,000.00

Present Worth (P)

50
5.65%
-$37,272,311.09
Table 4 Current State Present Value on a 50 Year Timeline

Figure 4 Current State Present Value on a 50 Year Timeline

Net Average Cost/Year
(A)
Number of years (n)
-$2,250,000.00

Ave. Interest Rates (i)

Present Worth (P)

10
5.65%
-$16,838,297.38
Table 5 Current State Present Value on a 10 Year Timeline

Figure 5 Current State Present Value on a 10 Year Timeline
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It has been specified that Blue Diamond wants a way to clean and reuse these totes instead of
recycling. Currently, they have a container that they sanitize and reuse. However, it is for a
different sized container that is also made of different materials. If we were to use components
from this other machine, we would have to alter the design to fit the new size and material. There
are many examples of industrial washing equipment that can be used or adapted to fit their
process. Another option worth considering is outsourcing the cleaning work to a different
company.

Container Consolidation
The international customers currently prefer the 45-pound pail over the 331-pound drum and
1,700-pound tote. This is because they are shipping long distance and if somehow one of the
tanks gets contaminated it does not infect a large quantity of product. It also allows for more
exact weight orders to be met. Blue Diamond wants to keep the 1,700-pound totes and have one
other standardized size of the shipping container. Our job is to talk with the international contact
within Blue Diamond and find out the limits of what the international customers will accept. Our
job is to research and determine the one other ideal shipping container size that satisfies Blue
Diamond’s international customers and meets Blue Diamond’s need to sell in smaller
increments.

Scope
The scope is to collect data, design a facility, design a new cleaning and sanitation process, and
analyze its design and manufacturability for the beverage base totes. Once the design process
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begins, we will produce models using CAD or visualization software, like simio to demonstrate
the process developed. Data will need to be collected about site information so that we can locate
our designed footprint, either on the current shop floor or, if needed, design an add-on to the
building. An economic analysis and environmental impact analysis will be necessary. We will
need to investigate what chemicals, equipment, and permits are needed to meet all food and drug
sanitation standards. Our process will need to be able to handle the usage speed of these totes
either by having a very efficient single wash tote system or clean multiple at a time in batches. A
simulation might be utilized to show how the process might handle the totes.

3. Literature Review
● Cleaning supplies
○ When looking into our potential solution processes we needed to look at tools that
would be used. The first item we looked at is the AaquaBlaster LT from
Aaquatools. It is a pressure washer that has nozzles that spin when in use and they
spin faster as the flow of the water increases. This is a useful reference for one of
our solution ideas where the cleaning system would be more manual than
automatic. A tool like this would be essential in that system. ("Plastic Tote
Cleaner." Wines & Vines 99.3 (2018): 24. Web.)
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Figure 6 AaquaBlaster LT
○ The next item we looked at was Oil Eater Original, which is a powerful
cleaner-degreaser. We chose to use this product as one of the cleaning agents to
base our project on because the article states, “Non Corrosive, nontoxic and
nonflammable, the low VOC cleaner penetrates rapidly and rinses off easily with
zero residue, it can also be used in parts cleaning and pressure washing machines.
The water-based cleaner contains no acids, abrasive or petroleum solvents and
will not harm the skin,” (Anonymous. "Cleaner-degreaser Offers Versatile
Cleaning Solution." Engineering and Mining Journal (2015): 76-77. Web.).
Because Oil Eater is a noncorrosive, nontoxic, and nonflammable cleaner, this is a
very safe choice to use in the project. It also can be used in pressure washing
machines, which is a very important requirement for cleaners used in our
solutions.
○ One key feature in efficiently removing contaminants from a surface is using the
correct water pressure. Given a high enough pressure at a close enough distance,
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much of the cleaning can be done with no chemicals at all. Equation (20) is used
to determine the optimal standoff distance in relation to cleaning time and flow
rate. Equation (20)’s constants are as follows: speed of sound in water ψ, density
of water ρ, coefficient k is calculated for each nozzle by the ratio of the volume
flow rate Q given in the manufacturers data sheet to the theoretical volume flow
rate given by Eq. (2), factor λ is related to m0 −1 by introducing an unknown, but
constant, factor λ*. (Kohler et al. 2016)

Figure 7 Equation 20

Figure 8 Equation 2

18

Table 6 Variables for Equation 20

○ This will be very useful in picking the proper washing apparatus so that optimal
cleaning can be obtained in each step of the process. It will also let us analyze the
efficiency if there are some preset standards in the processes.
● Tote cleaning systems
○ The first system we looked at online was a patent for tote cleaning system,
US5601102 (A). Figure 9 is a picture of the
design. (Rivette; Stephen, Doherty; Michael,
Savage; Charles, Jones; Charles, and
Risinger; Jeffrey. (1997). Web.) This is very
close to what we want our design to look like
at the end of our project. This is a very good
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example of an automated system that we will use as a reference when we are
designing our system.
○ The next tote cleaning system we looked
at is not for cleaning totes, it is for
particulate products handling equipment.
However, the layout of the system is very
interesting. Using this design for cleaning
totes could allow more totes to be cleaned
at once because of the splitting off branch
design. (Rogers; Peter J, Chapin; James
E, Zinkie; William E, and Blair; Bruce A.
(1992). Web.)
● Parallel Industrys
○ The milk industry has found, constructed, and researched the ideal process to
clean their plastic milk crates and boxes. The milk industry has established a
process that starts with pre-rinsing/soaking, then an intensive washing part, lastly
you follow it up with 2 separate rinse cycles. They have done the research and
found what the optimal chemical concentration, temperature, pressure, and
operation time needs to be to achieve cleanliness (György et al. 2011))
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Table 7 Optimal Cleaning Parameters

○ This is a very similar situation to the issue that Blue Diamond is facing. If the
process can be adapted from cleaning milk contaminants off a container to
almond residue this could be a great place to start.
● Material Research
○ The container we will be washing is high-density polyethylene. It will be
important to use material data sheets to make sure the plastic stays well below its
melting or deflection temperature ranges. Having these constraints will affect how
the cleaning process will be designed. Chemical and temperature choices will
depend heavily on the material data sheet (High-Density Polyethylene).
○ The material high-density polyethylene will also be highly considered for the
alternate container material choice.
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Table 8 Thermo-Physical Properties Site

Table 9 Other Properties Site

● Cleaning Solution
○ Sanitation is based on three things: temperature, sanitizer, contact time. The
temperature for sanitation ranges from 75 degrees C to 120 degrees C. The
temperature of sanitation changes based on the sanitizing agent used. Due to the
fact that the melting point of HDPE is from 120 degrees C to 140 degrees C it
would make sense to have a sanitizer that requires a temperature around 75 degree
C to 90 degree C. It is important to wash at the specified temperature range that
the detergent specifies.(Thrall, Lacie)
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○ Sanitizer is unnecessary if it is held at 170 degrees F for at least 30
seconds(Rutledge, Stanley)
○ Food safe sanitizer - ¼ teaspoon bleach + 1 quart cool water(Rutledge, Stanley)

4. Solution Design
There are standards and established cleaning methods that must be met within the food industry.
This is due to government food and cleaning requirements imposed by the Food and Drug
Administration, but also Blue Diamond Almond Growers have very strict internal regulations
because they feel they have an obligation to produce products of the best quality.

Manual Wash Cycle
First, the container will come into the facility into a staging area. Next, the container will be
flipped so that one of the two openings is facing downward or at the bottom so that the
contaminants, food products, and water will leave the container while washing. Then, the
container enters the pre-wash hot rinse where the bulk of the material gets removed from the
container. From there it goes into the hot wash with detergent. This process removes any leftover
grease and sterilizes the container. Next, is the post-wash which removes all leftover detergent
and ensures the container is completely clean. Then once all the liquid has drained using hot
compressed air or a hot room to dry containers to ensure no moisture is allowed to sit. Lastly, flip
the container back over so the opening is no longer facing down.
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Figure 11 Process Flow Diagram for Manual Wash Cycle

This process will require a minimum of 5 people in order to complete these 8 steps. It is unlikely
that these five people will be able to handle the throughput that is required. This means they
might mean that at maximum tote capacity they might need as many as 15 people or 3 different
tote washing assembly lines to handle 12 toes per hour.

While this process was considered and would be much more economically acceptable than the
current state it does not offer the kinds of savings that the automated system offers. Due to the
fact that so many more employees are needed it is more expensive than the automated system by
about 1 million dollars over the life of the company. That does not take into account any of the
human factors or equipment cost. So while it is better than the current system it is still
significantly worse than the automated option due to the high production volume.

Net Average Cost/Year
(A)
-$735,790.36

Ave. Interest Rates
Number of years (n)
(i)
Present Worth (P)
Infinite
5.65%
$13,022,838.30
Table 10 Present Value of Manual Washing System
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Automated Wash Cycle
The company Progressive Recovery sells RotaJet (RJ) intermediate bulk containers (IBC)
reconditioning system. The process of the reconditioning system is as follows, the container will
first be picked and set on the rolling staging area. Next, the external shell will be manually
washed with a pressure power hose while it is on a 360 degrees rotating platform. Then it is
rolled to the internal wash, where a high-pressure nozzle with cleaning solution rotates 360
degrees to ensure the inside of the tote is completely washed. Afterward, it is rolled to the rinse
section to remove the cleaning solution. Next, the tote is tested for leaks with air pressure. This
ensures the tote does not have any openings that may cause the product to spill after the
container is filled. In the final step, the tote is dried with a high-volume blower of hot air.
(Recovery, Progressive)

Figure 12 Process Flow Diagram for Automated Wash Cycle
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Figure 13 RotaJet IBC Reconditioning System (Recovery, Progressive); [IWE- IBC Washer
External, IW- IBC Washer, IPT- IBC Pressure Tester, DIBC- Dryer Intermediate Bulk
Container]

This process, on average, takes approximately 21 minutes for the first tote to be cleaned and at
most ten minutes every tote after that. Given that this machine will be run for 8 hours a day (480
minutes), 5 days a week - 261 days a year we can see that two PRI systems will be needed in
order to meet the production need. In Table 11 it shows that one PRI System can handle almost
12,000 totes per year. This means that Blue Diamond could increase by 1.6 times its average
capacity of 15,000 after the double installation. Due to this large capacity, Blue Diamond would
not have to worry about yearly fluctuations in their production capacity or growth in almond
butter production.
Time for
First Tote
(min)

Time for
consecutive totes
(min)
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10

Cleaning Time
per day (min)

Clean
Totes /
day

Clean Totes /
work week

Clean Totes /
work year

480
46
229.5
11980
Table 11 Average Tote Cleaning Capacity, Single PRI System
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For the automated tote cleaning system, there are many assumptions that we have had to make.
When an assumption is made the greater cost is used for the estimate. The estimate in Table 12
uses two operators at $20/hr, two forklift operators at $20/hr, and one mechanic at $32/hr. For
electricity, it was estimated to be $960 per month at 16hr/day and for water, it was estimated to
be $10,640 per month using the high use water rates and 12,000 kgals of water. These were all
added to find the cost of Utilities and Employees in Table 12. At year zero 400 totes will be
purchased to supply each of Blue Diamonds seven 3rd party processing plants. That’s 52 totes
per 3rd party plant with an additional 36 totes for buffer. Totes are also included in the yearly
cost. At the beginning of each year 100 fresh totes can be purchased, which will allow for
fluctuation in orders, damaged or broken totes, and time for dirty totes to be returned and
cleaned. Currently, the daily average of totes being filled is 57 (Table 13). The cost of a forklift,
singular PRI and Drying System is $205,800 so total it would be $408,500 as seen in Table 12.

Tote Inventory
2 Tote Cleaning Sys
Totes
2x Utilities
2 of each Employee

Costs
Recurrence Interval
$66,000.00
0 year
$408,500.00
10 Year
$16,500.00
1 Year
$345,200.73
1 Year
$300,672.00
1 Year
Table 12 Automated Solution Economic Analysis
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Table 13 Average Tote Use Per Month and Day

Using the present worth from both Table 3 and Table 14 we are able to determine the maximum
Blue Diamond could spend on a tote washing system and save money. If we subtract the present
value -$39,823,008 from Table 3 by the present value -$12,197,911 from Table 14 the
difference is about $27.7 million. That means that at an interest rate of 5.65% Blue Diamond will
be saving 27.7 million over the life of their company money.

Net Average
Cost/Year (A)
-$662,372.73

Cost of PRI and
Number of Ave. Interest
Drying System
years (n)
Rates (i)
Present Worth (P)
-$474,500.00
Infinite
5.65%
-$12,197,911.12
Table 14 Automatic Solution Present Value on Infinite Timeline
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Figure 14 Automatic Solution Present Value on Infinite Timeline

Instead of estimating on an infinite timeline we can get a more accurate cost estimate if we
estimate this present value over a period of 50 years. This accounts for the initial cost of the
washing equipment as well as the replacement cost of the washing equipment. For this analysis
the washing equipment was replaced every 10 years in addition to the yearly costs. This was then
compared to the current state present value over 50 years. The current state on a 50-year interval
was -$37.2 million Table 4 subtracted from the PRI system over 50 years -$10.9 million Table
15. This difference comes out to be -$26.3 million. That means that even if the equipment needs
to be replaced every 10 years the Blue Diamond will be saving a present value of 26.3 million
dollars over the life of their company.

Cost of PRI
Net Average and Drying
Cost/Year (A)
Sys
-$474,500.0
-$662,372.73
0

Ave.
Number of
Interest Equipment replacement Present Worth
years (n)
Rates (i)
cost/ 10Years(S)
(P)
-$10,925,119.
50
5.65%
$521,897.47
14
Table 15 Automatic Solution Present Value on 50 Year Timeline
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Figure 15 Automatic Solution Present Value on 50 Year Timeline

All things held constant but adjusting the timeline to 10 years the current state is still more
expensive than the automated solution. The present value of the automated solution over 10
years is -$5.4 million Table 16 and the present value of the current state over 10 years is -$16.8
million. This is a difference of $11.4 million.

Net Average
Cost/Year (A)
-$662,372.73

Cost of PRI and
Number of Ave. Interest
Drying System
years (n)
Rates (i)
Present Worth (P)
-$474,500.00
10
5.65%
-$5,431,490.66
Table 16 Automatic Solution Present Value on 10 Year Timeline
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Figure 16 Automatic Solution Present Value on 10 Year Timeline

The initial pay-back period after the initial investment is approximately .3 years or about 3.6
months. This means that after the first three and a half months Blue Diamond would immediately
start saving money. This pay-back period can be seen in Figure 16, which shows the present
value of both the current state and the PRI system compared over a 1 year period of time so the
intersection point can be seen. After 10 years, as displayed in Figure 18, the PRI system would
have saved Blue diamond 11.4 million dollars in present value costs.
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Figure 17 PRI System Vs Current State Present Value Over 1 Year

Figure 18 PRI System Vs Current State Present Value Over 10 Year
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One big assumption is that the interest rate will be right around 5.65%. If It turns out that the
interest rate is less than 5.65% then the PRI system would be even more lucrative than originally
estimated. However, if Blue Diamonds Internal rate of return is greater than 5.65% the deal gets
less attractive. If the interest rate is 10% Blue Diamond would save about 15.4 million. At 20%
Blue Diamond would save about 7.4 million. That is a comparison done on an infinite timeline
that does not account for the replacement cost of the cleaning equipment every 10 years.

Figure 19 Present Worth Adjusted Over Variable interest rates

To show just how large the margin of error is for both the Net Average cost and the Cost of PRI
and Drying System a goal seek function was run in order to see when then PRI system would
cost the same as the current state. To have the present worth come out to be 39.8 million as it
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does in the current state: The Net Average Cost has to go from around -$660,000 to about -$2.3
million: The Cost of PRI and Drying System would have to go from around -$474,000 to about
-$51.5 million on an infinite timeline. That being said there is some risk and unseen variables
associated with switching to a new system.

Table 17 PRI System Net Average Cost Goal Seek

Simulation
Simulation is a virtual method of modeling a variety of processes, which can come from a
manufacturing, medical, or educational industry to name a few. In this project simulation is used
to model the cleaning process of the 1,700-pound tote. The cleaning process consists of a washer
that ranges from eight to ten minutes to wash a tote, therefore “Random Triangular” is the best
method to use for the processing time. Then the tote is moved to the dryer, which ranges from six
to eight minutes to dry a tote and “Random Triangular” is also used for the processing time in the
simulation. In an eight hour shift the simulation concluded that forty-five totes are washed and
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dried. Blue Diamond operates two eight hour shifts, therefore 90 totes can be cleaned on a daily
basis. The image below shows the simulation model that was created on Simio.

Figure 20 Simulation Model
Facility Layout

Figure 21 Floor Plan #1
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Floor plan #1 is for the case where Blue Diamond only needs one set of our tote cleaning
process. During this implementation, different OSHA standards need to be followed. The first
standard is Standard 1910.212 which requires proper machine guarding to protect the operator
and other employees in the machine area from hazards such as those created by point of
operation, ingoing nip points, rotating parts, flying chips, and sparks. There would need to be
guards around the moving parts of the machines, like around the parts where the totes enter and
leave the machines, put into the facility. The next is Standard 1910.178 which covers fire
protection, design, and maintenance for powered industrial trucks. In food manufacturing, this
most often applies to forklifts. There will need to be enough space for the forklift to operate in
the area the machine is placed. There are already protocols in place to deal with workers around
forklifts such as gates that allow workers to cross the designated forklift paths in a safe manner
after looking both ways. Forklift paths in the existing facilities also have sufficient space on both
sides so collisions do not occur.
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Figure 22 Floor Plan #2

Floor plan #2 is for the case where Blue Diamond needs to have two sets of our tote cleaning
process. This floor plan is larger than plan #1 because of the extra machinery and paths needed.
The same standards from the previous plan apply to this one as well.

Cleaning Solution
The most important part is to remove all food particles from the inside of the container. This is
done with using washing machine detergent. There is no one answer to the correct detergent to
use, however, one earth friendly solution is #PL9721/05 by Zoro.

37

Sanitation is based on three things: temperature, sanitizer, contact time. The temperature for
sanitation ranges from 75 degrees C to 120 degrees C. Due to the fact that the melting point of
HDPE is from 120 degrees C to 140 degrees C. A sanitizing agent is unnecessary as long as the
tote is at a sanitizing temperature for around 30 seconds. One of the best dish sanitizers for a
surface that comes in contact with food is a ¼ teaspoon of bleach mixed with 1 quart of water.

Environmental Impact
The most direct impact this will have on the environment is the reduction in HDPE plastic and
galvanized metal bars. In the first year there will be a total of 500 totes purchased; this is the 400
initial plus the 100 replacement totes. IF this is compared to the current state of 15000 totes only
3.33% of the original plastic and steel have to be produced and shipped. Then every consecutive
year after that there will be only 100 totes purcheds which would mean only .67% of the plastic
and metal are being produced yearly. In addition, the number of tote shipments goes down which
means the transportation carbon footprint is also decreased.

Solution For International Shipping Container
The international clients like to use a small tote size for their orders so that if a part of the
shipment goes bad, only a little bit of the shipment will be affected. Blue Diamond is also
looking to consolidate their 55-gallon drum and 8-gallon pail into just one other option with their
275-gallon shipping tote. The maximum amount of butter that the international customers will
accept in one container is 220 pounds. This equates to a maximum of about 36 gallons of butter
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per container. This means that the container must be 36 gallons or less or some space will go
unused.

Container
ULINE 55 Gallon Plastic Drum with Lid
Eagle 30 Gallon Drum
Cary 15 Gallon Blue Drum
USP 30 Gallon Open Head Poly Drum
Air Sea 15 gallon Drum ith Screw Cap
ULINE 30 Gallon Plastic Drum
Cary 15 Gallon White Drum
Eagle Blue High Density 14 gallon Drum
ULINE 15 gallon Fiber Drum
ULINE 15 gallon Drum
ULINE 5 gallon Closed Head Poly Pail
ULINE 5 gallon Drum
ULINE 16 Gallon Steel Drum
ULINE 10 gallon Drum

Price
Gallons
Cost per gallon
$75.90
55
$ 1.38
$46.50
30
$ 1.55
$23.55
15
$ 1.57
$55.20
30
$ 1.84
$28.05
15
$ 1.87
$59.10
30
$ 1.97
$31.65
15
$ 2.11
$29.96
14
$ 2.14
$34.05
15
$ 2.27
$39.00
15
$ 2.60
$18.00
5
$ 3.60
$19.50
5
$ 3.90
$67.04
16
$ 4.19
$65.00
10
$ 6.50
Table 18 Cost Per Gallon of Container
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Figure 23 Cost Per Gallon of Container

Table 19 Container Cost of shipping 40,000(lb)
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Figure 24 Container Cost of shipping 40,000(lb)

From this data, the ULINE 55 Gallon Plastic Drum with Lid is the best cost per gallon container
from our research as seen in Figure 23 and Table 18. However, due to the fact that the container
could only be partially filled it is not the best option for quantity order. In Figure 24 and Table 19
the Eagle 30 gallon Drum is the best option for a container to be used in quantity order. The
Eagle 30 Gallon Drum is the second-best option for a cost per gallon option as seen in Figure 23
and Table 18. Our team recommends that Blue Diamond use this drum for international
shipments. This Drum can also be used alongside the 275-gallon tote for domestic shipments.
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APPENDICES
Appendix A: Project Management Analysis
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. We mostly worked on our project as parts were assigned week to week during the
quarter. The budget for our project is up to Blue Diamond, who did not give us one. They can
choose which solution design, that is provided to them by us, that best suits what they are willing
to spend on this project. The scope for the project is also outlined and shown in the Gantt chart
above.
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Appendix B: Client Communication Analysis
Date

Reason

Format

Notes

10/4/19

Team
Introduction

Email

Formal introduction of the team to the sponsor

10/14/19

Schedule
Sponsor
Meeting

Email

Scheduled 1st sponsor meeting

10/16/19

1st Sponsor
Meeting

Skype

Discussed the scope of the project

10/21/19

Schedule Site
Visit

Email

Scheduled 1st site visit

10/29/19

1st Site Visit

In Person

11/6/19

Follow Up
Questions

Email

Asked about cleaning chemicals BD uses, contact
information equipment purchase team, shipping
process of totes

1/6/20

Fall Report/
Update

Email

Sent report to receive feedback, attempted to
schedule a skype meeting

1/21/20

Site Visit

Email

Asked to schedule Turlock Site Visit

1/28/20

Site Visit

Email

Time conflict,

Toured the facility; Discussed new container, topics
to research, summary of tote process &
specifications

The communication with the client started off moderate and slowed down as time passed. The
team did not establish weekly meetings or set specific deadlines of when information needed to
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be received. During the upcoming quarter, weekly skype meetings will be set to discuss updates
on the project, collect data, and ask questions that may arise. A second site visit will be
scheduled during the beginning of the quarter, potentially during the second or third week.
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Appendix C: Teamwork Evaluation
The team first met each other when the projects were assigned during the second week of Fall
quarter. This began the forming stage of the team by getting introduced to each other, creating a
team contract and scheduling a bonding experience. The team contract helped explain the
expectations each team member has and methods of collaborating together. The bonding
experience consisted of going to a coffee shop and discussing activities that we each enjoy
during our free time. There have not been instances of the storming stage or bad apples. The
team has been communicating effectively, by taking turns to share ideas and give feedback.
Also, when a team member has asked for help, another team member has always stepped up to
help. In the norming stage each team member has shared their strengths and participated in all
the activities during lab and assignments. In the performing stage, the team divided the different
topics of the project and shared the research within our google drive folder. The group has
constant communication through a group message application and meets in person on Mondays
to elaborate on the current state of the project and next steps.
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